For two-way contingency tables with ordered categories, Yamamoto et al. (2011) and Yamamoto et al. (2012b) considered proportional reduction in error (PRE) measures, which describe the relative decrease in the probability of making an error in predicting the value of one variable when the value of the other variable is known, as opposed to when it is not known. The present paper proposes a new PRE measure for the symmetric situation in which explanatory and response variables are not defined clearly for two-way contingency tables with ordered categories. The measure proposed includes measures of forms of harmonic, geometric and arithmetic means. An example is also given.
Introduction
For a contingency table in which one is an explanatory variable and the other is a response variable, Goodman and Kruskal (1954) proposed some proportional reduction in error (PRE) measures, which describe the relative decrease in the probability of making an error in predicting the value of one variable when the value of the other is known, as opposed to when it is not known. However, these measures cannot be applied to contingency tables with ordinal variables when one wants to use the information about the category ordering of the variables.
Consider an rc  contingency table with ordered categories. Let ij p denote the probability that an observation will fall in the i th category of X and in the j th category of Y   
This measure describes the relative decrease in the probability of making an error in predicting the value of Y when the value of X is known, as opposed to when it is not known.
Next, consider the reverse case with the explanatory variable Y and the response variable X . In this case, the following measure A  is defined by We see that
where the equality holds if and only if AB   .
Generalization of the measures
Considering the monotonic function g , we shall propose a generalized measure, which includes the
 and a  , as follows:
, the measure  is identical to g  , and (iii) when () g x x  , the measure  is identical to a  .
The measure  ranges between 0 and 1. 
Approximate confidence interval for measures
Let ij n denote the observed frequency in the i th row and j th column of the table
Assuming that   ij n result from full multinomial sampling, we consider an approximate standard error and large-sample confidence interval for  , using the delta method, descriptions of which are given by Bishop et al. (1975, Sec. 14.6 
,
, Table 2 ).
Thus (i) for Table 1a , we see that the information about one of both occupational statuses reduces the probability of making an error in predicting the other occupational status by 8.0% when we know the other's occupational status than when we do not, and (ii) for Table 1b , we see that the degree of the reduction is 16.7%.
When the degrees of the relative decrease for Tables 1a and 1b are compared by using the confidence interval for a  , the estimated value of a  is greater for Table 1b than for Table 1a .
Namely, the information about one of both occupational statuses reduces the probability of making an error in prediction more for father-son pairs in Denmark than in Britain. We could obtain a similar interpretation by using the measures h  and g  (see Table 2 ). 
Concluding remarks
The measure  including ˆh  , ˆg  and ˆa  always ranges between 0 and 1 independent of the dimensions r and c , and sample size n . Therefore the measure  , especially ˆh  , ˆg  and ˆa  , may be useful for comparing the degrees of the relative decrease in the probability of making an error in predicting the value of one variable when we know the value of the other variable than when we do not, in several tables.
In addition, the measure  is not invariant under the arbitrary permutations of row and/or column categories. Thus this measure should be applied for the ordinal-ordinal contingency table.
We note that (1) Goodman and Kruskal (1954) also proposed the measure which describes the proportional reduction in variation (PRV) [not PRE] in predicting the Y category when the value of X is known, as opposed to when it is not known, and (2) considered the PRV measure based on the harmonic, geometric and arithmetic means although the detail is omitted.
